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Pesticides have been suspected risk factors for brain tumors, but are difficult to study epidemiologically. In adults, populations most often studied are those exposed occupationally, such as farmers and other agricultural workers. These studies have not shown a conclusive relationship between pesticide exposure and brain tumor risk (1) (2) (3) (4) (5) (6) (7) (8) (9) , possibly because of the difficulty in accurately estimating individual pesticide exposure. Many of these studies were based on job tides, with little or no data on specific chemical exposures. Agricultural occupations typically involve exposure not only to pesticides but also to several other potentially hazardous substances, such as dusts, solvents, fuels, and zoonotic agents (1) . Cohort studies of pesticide applicators, despite a greater degree of job title specificity, have also reported inconsistent results (10) (11) (12) .
Children are most likely to be exposed, either prenatally or directly, in the home. Several case-control studies have examined the use of household pesticides and risk of pediatric brain tumors, and results have been mixed (13-24. Only one of these, a population-based case-control study conducted in Missouri, was specifically designed to assess household pesticide exposure and thus collected detailed exposure data (16) . Positive associations were observed for a variety of pesticides such as garden insecticides, pest strips, termite pesticides, and flea collars. Another case-control study of household pesticides reported pest strips as the most consistent pesticide related to a variety of childhood cancers, including brain cancer (23) .
To our knowledge, few studies have attempted to assess other factors that may interact with pesticides to increase cancer risk. Of particular concern in relation to pediatric brain tumors is prenatal exposure to nitrosatable chemicals in pesticides; one class of N-nitroso compounds (NOC), nitrosoureas, causes brain tumors among offspring in several different species after transplacental exposure (24) . However 
Results
Social and demographic characteristics of the 224 cases and 218 controls who participated in the pesticide follow-up study and all 304 cases and 315 controls from the original study are shown in Table 2 . In general, slightly more Los Angeles County cases than controls were non-Hispanic white, and cases tended to be of lower SES than controls. The pesticide study subgroup was largely representative of the original study group. Table 3 shows differences Environmental Health Perspectives * Volume 105, Number 11, November 1997 recontacted, or 51 and 49% of originally eligible cases and controls, respectively. Exposure data were collected on pesticides for termite control; pesticides for nuisance pests such as ants and roaches; lawn and garden insecticides, herbicides, fungicides, and snail baits; lice treatments; products for flea/tick control; parental farm occupations; and precautions taken when using pesticides. Several details of exposure were also between case and control mothers in factors relevant to their pregnancies. As in the full West Coast study (540 cases, 801 controls), vitamin supplementation during pregnancy was significantly protective in this subgroup. On the other hand, the risk association with nitrite intake from cured meats during pregnancy seen in the full study (25) was not significant in this subgroup of the Los Angeles County study.
Analysis of both prenatal and childhood exposure to general categories of pesticides resulted in only one significant positive association, namely prenatal exposure to flea/tick products (Table 4 ). Risk estimates tended to be higher among higher SES subjects. All risk estimates for prenatal exposures were higher among mothers who took any kind of medication while pregnant (not shown), and risk associated with nuisance pest (e.g., ants, roaches) pesticides was significantly higher for mothers who took oral contraceptives (OR = 6.7; CI, 1.1-38.8). Among younger children (less than 5 years old at reference) with glial tumors other than astroglial or PNET, exposure to insecticides during childhood increased risk of brain tumor (OR = 3.8; CI, 1.0-14.6). The OR associated with childhood exposure to flea/tick products was 2.0 (CI, 1.0-4.0) among younger children; however, this was reduced to 1.3 (CI, 0.4-3.8) after adjustment for prenatal exposure. Table 5 presents a detailed analysis of prenatal flea/tick product exposure, both for all subjects and for subjects less than 5 years old at the reference date. Risk estimates were adjusted for race (non-Hispanic white vs. all other ethnicities) and vitamin supplementation. Adjustment for race was used rather than SES because in the original study group, race was more strongly correlated with pet ownership (measured by cat ownership-the only pet data available in the original study) than was SES; 27% of all Los Angeles County non-Hispanic whites in the original study owned cats compared to 11% of all other ethnicities. Because use of flea/tick products is highly dependent on pet ownership and cases were more likely than controls to be non-Hispanic white, we felt this adjustment was appropriate, despite the possibility of overmatching (which biases towards the null). Univariate ORs (CIs) for individual product types were 2.8 (0.9-8.1) for sprays, 5.6 (0.6-49.8) for foggers, 1.2 (0.4-3.5) for dusts/powders, 1.5 (0.9-2.5) for shampoos, and 1.5 (0.9-2.5) for collars. For subjects less than 5 years old at diagnosis, ORs (CIs) were 3.0 (0.7-13.1) for sprays, 3.9 (0.4-38.3) for foggers, 0.9 (0.1-7.0) for dusts/powders, 2.2 (0.9-5.4) for shampoos, and 2.0 (1.0-4.3) for collars. In a multivariate analysis of type of flea/tick (32) 64 (29) 98 (32) 93 (30) 1986-1990 36 (16) 39 (18) 53 (17) 64 (20 (29) 83 (27) aBased on parents' education and occupation according to the Hollingshead Social Index (27) : Lower, 240; Higher, <40. bFor subjects aged 0-4 years, dusts/powders were excluded from analysis to achieve convergence. cp-trend = 0.04 for all subjects and for subjects aged 0-4 years. dp-trend = 0.08 for all subjects and 0.07 for subjects aged 0-4 years. time spent with treated pet(s)] indicated increasing risk with increasing exposure. Age of the child at tumor diagnosis and maternal nitrite intake from cured meats appeared to be the only effect modifiers.
Very few parents worked on a farm, and there was no increased risk among offspring of those who did. Restricting analysis to professional pesticide treatment had no effect on risk for any of the pesticide categories, nor did restricting exposure to indoor treatment. Although risk from prenatal exposure to termite treatment was elevated (OR = 2.7), only seven subjects (5 cases, 2 controls) were exposed (CI, 0.5-14.2). Mothers were generally unable to recall specific chemicals that were used. Only four mothers (3 cases, 1 control) reported use of chlordane (for termite treatment), and only four mothers (all control) reported use of DDT (for nuisance pests).
For pesticides other than flea/tick products, no consistent risk associations were observed for any particular product type, such as pest strips, or any brand name. Table 6 describes several precautions associated with pesticide use and reports risk by how often precautions were exercised. These questions were not asked for each exposure period (prenatal, childhood), but rather for use of pesticides by anyone in the household at any time. Risk was significandy increased for those who reported that 1) family members never evacuated the house after spraying or dusting for pests, 2) harvest of food was not always delayed for the recommended period of time after pesticide treatment, and 3) pesticide label instructions were never followed. None of the precautions was associated with a significant trend [using response category (e.g., always, usually, sometimes, never) as a continuous variable] of increasing risk with decreasing frequency of using the precaution.
Discussion
Most epidemiological research done to date on pesticides and pediatric brain tumor risk has focused on nonspecific pesticide use, and findings from these studies have been inconclusive. Some investigators have noted increased risk of brain tumor among children generally exposed to pesticides (13, 17) , but several studies, including ours, have not supported this observation (14, 15, 17, 20, 23) . Increased risk has more often been reported for general pesticide exposure to the mother during pregnancy (14, 18, 19, 22) , but, again, not consistently (21) . Only the Missouri study, on which our a priori hypotheses were based, collected data as detailed as ours (16) . Several pesticide exposures during childhood were associated with increased Environmental Health Perspectives * Volume 105, Number 11, November 1997risk, including general pesticides for nuisance pests, pest strips, termite treatment, lice treatment, garden and orchard insecticides (specifically carbaryl and diazinon), and herbicides. We found no risk increases for any of these exposures during childhood. However, exposure prevalences of pest strips, herbicides, and carbaryl or diazinon as garden insectides were nonexistent or very low; thus, risk of these exposures could not be effectively evaluated. Among prenatal exposures, the Missouri study (16) observed elevated risks for nuisance pest foggers and pest strips. No mothers in our study reported use of pest strips during pregnancy, and no increase in risk was observed for use of nuisance pest (e.g., ants, roaches) foggers during pregnancy.
The only exposure we studied that produced a significantly increased risk of pediatric brain tumor was prenatal exposure to flea/tick products, especially among children diagnosed at younger ages (less than 5 years). Risk appeared to be primarily confined to sprays/foggers rather than shampoos/dips, powders/dusts, and collars. This finding directly contrasts with the Missouri study (16) in which collars but not sprays significantly increased risk. Further, risk was not elevated for prenatal exposure to any flea/tick product in the Missouri study, which found elevated pet-associated risk estimates only for childhood exposure to pet pesticides together with direct exposure to the pet. We found no increased risk for this composite exposure. The Missouri study authors, it should be noted, acknowledged that a small sample size (45 cases) precluded meaningful analyses, particularly of specific pet pesticides (16) .
Using the EPA Office of Pesticide Programs (OPP) database of all pesticides ever registered in California (32), we tabulated the most common pesticides found in shampoos, dips, sprays, powders, dusts, foggers, and collars registered between 1965 and 1990, the range of birth years among our subjects ( Table 7 ). The OPP database was searched by product name, and only those products with the word "flea" or "fleas" were retrieved. Also, only products whose names identified the category of product to which it belonged (e.g., shampoo) were included (738/931).
Pyrethrins and pyrethroids (synthetic pyrethrins such as permethrin, tetramethrin, allethrin, resmethrin, and fenvalerate) were common to all flea/tick products except collars, but were most prevalent in shampoos (primarily pyrethrins). This group of pesticides is commonly used in household pest products to provide a quick kill. Pyrethrins are considered very safe for both humans and pets because they are (34) . Because of findings from the EPA reregistration review process that chlorpyrifos has been associated with neurotoxic effects in humans, DowElanco, the manufacturer of chlorpyrifos, has recently agreed to restrict its recommended uses, including the elimination of indoor use for fleas/ticks and in direct pet applications (35) . Carbaryl (a carbamate) was a possible ingredient of all products except shampoos and dips, but was most frequendy used in powders (65% of all powder products) and dusts (85% of all dust products). The EPA has classified carbaryl as noncarcinogenic; however, carbaryl reacts with nitrite at pH 1, which can be reached in the human stomach, and the most important source of high nitrite concentration in the stomach is likely to be cured meats (25, 31) . The product of carbaryl nitrosation is nitrosocarbaryl, a proven skin and forestomach carcinogen in mice (36) (37) (38) (39) . In our study, among mothers who used flea/tick powders or dusts during pregnancy, case mothers were more likely than control mothers to have had higher than average nitrite intake from cured meats (5/7 case vs. 0/9 control).
Among younger children in our study, the decrease in risk for exposure to flea/tick pesticides during childhood after adjustment for prenatal exposure is noteworthy, suggesting that the fetal brain may be especially vulnerable to potentially carcinogenic (40, 41) and are highly effective when exposure is transplacental; relatively low levels of nitrosourea precursors (sodium nitrite and ethylurea) in the food and drinking water of pregnant rats can cause a high incidence of tumor induction in offspring (24) . Most chemicals used in flea/tick products are common to several different types of household pesticides. Thus, the lack of an increased risk in our study with use of other types of pesticides, such as sprays and dusts for nuisance pests, appears to conflict with the flea/tick product finding. Differential recall of flea/tick products, which may be exacerbated by a second interview, is a possible explanation. For example, risk estimates for prenatal exposures were generally higher among mothers who reported medication use during pregnancy, which may indicate a tendency for case mothers to report more exposures. Case mothers may have been more likely to report flea/tick product exposure given that childhood cancer was linked to certain flea/tick products during the mid1980s in media coverage of a National Toxicology Program study (42) . However, the product primarily targeted was dichlorvos in flea/tick collars for which risk was not elevated in our study. Also, risk estimates were not elevated for childhood exposure to flea/tick products. We used several techniques to minimize recall bias. While it was not possible to blind interviewers as to disease status of the subjects, all interviewers used the same structured questionnaire for both cases and controls, consisting of a fixed script that included introductory and transitional statements. Explicit instructions were provided as to how and when to use recall probes to ensure that probing was independent of disease status. Another explanation for the null risk association for non-flea/tick pesticides is that risk estimates for exposures that are difficult to recall are biased towards the null, and it may be argued that use of flea/tick products is easier to remember (because it is usually referenced by a particular pet) than pesticide use for nuisance pests. Household pesticide use in general is a very common exposure [85% of U.S. households (42] , with many different products commercially available. Detailed data on both types and brands (ingredient content differs widely by brand) of pesticides used in the past are important so that specific chemicals can be pinpointed, but these are not easily recalled. Also, only mothers were interviewed, and data on certain types ofpesticide applications, such as house exterminations and yard treatments, may be better ascertained from fathers in two-parent families.
The reliance on recall is an obvious limitation of retrospective data. The relatively low 50% participation rate for our study is also a serious concern. In general, the subset of subjects included was representative of the original study participants. Subjects in the pesticide study had somewhat higher SES than the original group; however, this was true of both cases and controls. Since we have no data to characterize the eligible cases and controls that did not participate in the original study, selection bias cannot be ruled out as a possible factor in our results.
Despite the lack of exposure specificity of retrospective studies done to date, there appears to be enough evidence to warrant further investigation of pesticide use during pregnancy and health effects in offspring in the first few years of life. We observed a significant increased brain tumor risk only for flea/tick products, suggesting that, in general, case mothers were not more likely than control mothers to report pesticide use. Further, use of household pesticides other than flea/tick products (many of which contain the same chemicals as flea/tick products) may be more difficult to recall, in which case risk associations with those products would be masked (due to nondifferential measurement error). Therefore, there is a need for additional research into potential cancer risks of specific chemicals used in household pesticides, but particularly those used in flea/tick sprays and foggers because, in our study, risk was specific to those products. Also, our findings suggest that interaction between carbaryl, commonly found in flea/tick powders/dusts but also used in other household pesticides, and nitrite may be an important consideration in determining cancer risk.
